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SEMINAL STAIN FLUORESCENCE USING THREE ALTERNATE LIGHT 
SOURCE-BARRIER FILTER COMBINATIONS ON SIX DIFFERENT COLOR 
OF COTTON FABRICS 
 
 
JOEY YOUNG SU 
 
 
ABSTRACT 
 Detecting and locating semen stains is crucial when creating a linkage between 
the offender and items of evidence.  Currently, the two most common methods of semen 
stain detection used in crime scenes and items recovered from crime scenes are 
fluorescence and chemical examinations.  An alternate light source (ALS), which causes 
semen to fluoresce under different wavelengths, is an established technique that utilizes 
converted light for the detection of latent stains.  The other method relies on chemically 
identifying the presence of acid phosphatase activity in semen.  Previous studies have 
concluded that semen optimally fluoresces at 450 nm wavelength with an orange barrier 
filter.  In this paper, the fluorescence of seminal stains under different laboratory 
conditions is compared in order to investigate the significant factors that may affect 
semen detection.  The variables investigated in this paper include six colors of plain 
cotton fabrics, three excitation spectra, three semen donors, five semen concentrations 
and six fabric textures.  The intensity of the fluorescence was calculated using the image 
processing program ImageJ.   
 ImageJ contains a color channel split function that allows photographs to split into 
8-bit grayscale images containing the red, green and blue components of the original 
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photographs.   Each color channel was individually compared to each other and to the 
original RGB photographs to determine whether color channel splitting has an effect on 
the detectability of seminal stain fluorescence.   
 This study suggests that the most significant factor that affects the detectability of 
a semen stain, aside from the concentration of the stain, is the color of the substrate.  The 
texture of the substrate had no significant effect on the fluorescence and no significant 
variation in the semen stain fluorescence was observed from the three donors tested; 
however, future studies are necessary to confirm these findings.  Forensic analysts should 
consider the background color when selecting the excitation light wavelength, and may 
need to utilize an alternate approach such as a chemical mapping examination, 
particularly for locating diluted semen stains on a dark background. 
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1. INTRODUCTION 
1.1 Current Scene Processing Methods 
Detection and recovery of biological evidence at crime scenes can be a difficult 
task without the proper techniques and equipment.  In a sexual assault allegation, the 
identification of semen stains is crucial in creating a linkage between the assailant and the 
victim.  According to Kobus et al., the current standard methods in the detection of 
evidentiary semen stains include visual, physical, chemical, and fluorescence 
examination. [1] Visual examination utilizes the color contrast between the stain and the 
substrate using ambient light.  An example of the visual examination is the observation of 
the yellow pigmentation of a semen stain.  Physical examination utilizes the textural 
difference on the substrate, such as the crusty area on a plain fabric.  Chemical 
examination utilizes reagents such as 1-Naphthyl Phosphate and fast blue B salt to test for 
the presence of acid phosphatase (AP), an enzyme found in high concentration in seminal 
fluid.  Finally, fluorescence examination utilizes the excitation and detection of emitted 
illumination of various wavelengths.   
 
1.1.1 Alternate Light Source 
Use of an alternate light source (ALS) provides a rapid, non-destructive technique 
that allows crime scene personnel to screen a large area within a relatively short period of 
time.  The usage of ALS is not limited to semen stains; ALS can also assist in the 
detection of blood, saliva, or gunshot residue on a range of fabrics, including wool, cotton, 
nylon and polyester. [2] Using current techniques, the entire crime scene can be 
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illuminated to prevent overlooking an item that should be collected.  ALS is particularly 
valuable because the evidence can be visualized, recovered, and followed by a 
subsequent DNA analysis.   
One advantage of using ALS over direct chemical examination (AP test) is that it 
is non-invasive and has no effect on DNA analysis.  The concentration of the AP reagent 
introduced to the sample correlates directly to the sensitivity of the AP test.  Lewis et al. 
[3] reported that the amount of AP reagent introduced to the seminal stains also has an 
effect on DNA processing.  Both the number of alleles recovered and the peak area 
decreased when the amount of AP reagent introduced to the sample increased.  
A previous study has shown that use of the Polilight® model PL 6/300 enabled 
the detection of latent blood and semen stains that were not visible to the naked eye.  
Stoilovic [4] concluded that the major factor in the detection of semen stains is the nature 
of the substrate on which the stains are present.  Semen stains deposited on non-
photoluminescent materials (concrete, soil, and grass) will produce strong blue 
fluorescence when enhanced with an ultra violet (UV) light.  On photoluminescent 
backgrounds, the excitation wavelength must be shifted toward longer wavelengths to 
make stains visible against the backgrounds.  The excitation spectrum of the semen stains 
begins at 300 and goes beyond 480 nm.  The highest relative intensity of excited light 
was observed using the excitation wavelengths of 350 and 450 nm and the highest 
emission wavelength was observed at 500 nm.  However, the efficacy of fluorescence 
identification of evidentiary stains requires further research. 
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1.2 Properties of Light 
Light propagates through space using a wave motion.  Due to this wave motion, 
each light source contains three variables: wavelength, frequency, and speed.  The three 
variables are related to each other by the following equation: 
λν = c 
“c”  is the speed of light (m/s).  This variable is a constant if measured under the 
same medium.  For instance, the speed of light of any light source measured in a vacuum 
is always the same.  “λ” is the wavelength (m), which is the distance between the two 
adjacent wave crests.  “ν” is the frequency (cycle/s) or the number of wave crests 
occurring at a given period of time.  Wavelength and frequency are inversely related to 
each other.  Each type of light is classified by its wavelength.  The full range of 
electromagnetic spectrum (all frequency of electromagnetic radiation) ranges from x-ray 
(1-200 nm) up to heat energy (2,000-12,000 nm).  Visible light (400-700 nm) only 
consists of a small portion on the light spectrum (Figure 1). 
 
 
Figure 1.  Light spectrum range from 0 to 12,000nm.   The visible light range from 
400 to 700 nm is a small portion in the light spectrum. [5] 
 
When a light source is directed onto an object, the resulting radiation can be 
reflected, transmitted, absorbed, or converted into emitted light (Figure 2). The 
wavelength of the reflected light produces the color visualized by the observer.  A red 
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object appears red because it absorbs all other wavelengths and reflects only the red light.  
A white color is the reflection of all light rays and a black color is the absorption of all 
light rays.  Transmission occurs when the light rays pass through the object, this usually 
happens when the object is either transparent or translucent in nature.  Emission occurs 
when the light rays are converted from one wavelength to another longer wavelength.  
The resulting light ray is the fluorescence.   Fluorescence can occur continuously as long 
as the object is exposed to an active light source.   
   
 
 
Figure 2.  Four types of electromagnetic radiation.   (A) Reflection (B) Absorption (C) 
Transmission (D) Conversion. [5,6] 
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Emission is utilized by crime scene technicians to allow those evidentiary 
materials that are difficult to see under regular circumstances to be visualized, 
photographed, and collected.  The conversion is only functional when part of the incident 
light ray is absorbed.  The chemicals that are responsible for producing fluorescence are 
known as the fluorophores.  Depending on their chemical structure and polarity, 
fluorophores can absorb radiation and emit light at a specific, longer wavelength. [7] 
Fluorophores that are present are excited as the light source is absorbed.  The 
fluorophores then return to their original state and release the excess light energy that was 
absorbed at a longer wavelength.  As the fluorophore loses vibrational energy in the 
excited state, the emission is observed.  The difference between the peak excitation and 
the peak emission is known as Stokes shift. [8] The emitted fluorescence is always 
observed at a longer wavelength than the incident excitation light.  The intensity of the 
emitted light is relatively weaker than the incident light and therefore the fluorescence 
can only be observed through a filter that blocks the incident light. [1] Fluorophores can 
be excited by many wavelengths and create different fluorescence depending on the 
excitation light utilized. [2,9]  The crime scene technician can use the ALS to illuminate 
objects using a specific wavelength.  In conjunction with different colors of barrier filters, 
many combinations of light sources can be created to assist in the detection of potential 
evidentiary items. 
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1.3 Ultraviolet Light 
The wavelength of ultraviolet (UV) light is shorter than visible light and carries 
no color information.  Illumination with UV light is capable of creating fluorescence and 
phosphorescence. [5] Shortwave UV (180 to 254 nm) is utilized with a night-vision 
optical device to detect untreated latent fingerprints using a video viewer.  Longwave UV 
(365 to 415 nm) is an efficient wavelength for detection of bloodstains.  Use of longwave 
UV allows the users to distinguish red and violet color stains from a substrate.  
Shortwave UV light can be used as a presumptive screening tool to eliminate the 
collection of irrelevant stains. [10] Springer et al. reports both colored and colorless 
stains on a similarly colored substrate can be easily distinguished by use of an UV light 
source.  The disadvantage of UV light in comparison to other ALS is its high energy.  
The intensity of shortwave UV radiation can break chemical bonds and damage DNA 
present in the stain.  Biological stains exposed to an extended period of UV radiation can 
decay and exhibit no fluorescent activity. [5]  A study conducted by Santucci et al. [11] 
concluded that Woods’s lamp (WL), a long wavelength UV light source (320 to 400 nm), 
failed to detect semen stains on white and black cotton fabrics.  The semen samples tested, 
whether wet or dry, did not produce any fluorescence.  The use of the WL was not 
specific when tested against other bodily fluids and it also produced false positive results 
for ointments and creams.  In the same study, Bluemaxx BM500, an ALS with 
wavelength of 450 nm, showed positive results in the detection of all the semen stains on 
white cotton fabrics. [11] 
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1.4 Color Barrier Filter 
Visualization of the converted light is not possible without the use of a color 
barrier filter.  As the excitation (incident) light strikes an object, only part of the light 
source is absorbed by the fluorophores on the surface of the object.  The un-absorbed 
light will be reflected from the object with the wavelength remaining unchanged.  Color 
barrier filters, which vary in color and density, can be used to block the original 
wavelength.  The fluorescence can pass through and be visualized by the crime scene 
technician (Figure 3). 
 
Figure 3. Conversion of light and use of barrier filter.  The light source of a specific 
wavelength selected by the crime scene technician strikes the object.  The fluorophores 
on the object are excited by the incident light source and emit a longer wavelength of 
light.  The barrier filter blocks the reflected incident light. [5,6] 
 
 
1.4.1 Wavelength and Barrier Filter Selection 
Each color of barrier filter blocks a specific range of wavelengths (Figure 4). A 
proper barrier filter can block incident light from the ALS resulting in enhanced visibility 
of emitted light.  The wrong combination of wavelength and barrier filter selection will 
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mask the fluorescence and the stain will not be detected.  According to Gardner [6], 
violet light (415 to 485 nm) is most effective in searching for bite marks and bruises on 
human skin when combined with a yellow barrier filter.  Illumination with blue light (455 
to 520 nm) will cause most biological fluids, fibers, or hairs to fluoresce.  The 
fluorescence is observed using an orange barrier filter.  Use of orange/red light (570 to 
700 nm) is effective in viewing inks left on evidentiary objects when combined with a red 
barrier filter.   
A study conducted by Hooker et al. [12] concludes that using a spectrophotometer 
can optimize the selection of a color barrier filter.  In cases where the contrast between 
the stain and the background is poor, additional detail can be obtained by changing the 
interference filter to a higher contrast color.   
 
Figure 4.  Range of visible light spectrum.  Frequency and wavelength are 
 inversely related to each other.  Violet light ranges from 415 to 482 nm.  Blue 
 light ranges from 485 to 530 nm.  Orange-Red light ranges from 570 to 700 nm. 
 [5,13] 
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1.5 The Effect of Substrate on Fluorescence 
The substrate on which the biological materials are deposited can potentially 
mask the visibility of the stain.  A research study by Fiedler et al. using a wide spectrum 
of wavelengths created by the portable forensic light source Lumatec Superlight 400 on 
semen and saliva stains on clothing states that the amount of semen and saliva was visible 
as long as it was wet.  That study also suggests that the most significant factor that alters 
the detection of fluorescence is the color of the fabrics.  Dark fabric colors absorbed the 
light and reduced the chance of detection of the biological material.  The stains on pure 
black fabrics used in the study were not visible with excitation between 320 and 700 nm. 
The types of fabric tested (cotton, polyester, polyamide, and spandex) did not have 
remarkable influence on the fluorescence. [14] 
Seidel et al. [15] conducted research on the detection capability of a mercury-arc 
lamp (320 to 700 nm) for a serial dilution of semen on different surfaces including glazed 
tiles, glass, PVC, wood, metal, stone, Formica, carpet and cotton.  Semen produced a 
yellow-greenish fluorescence under a 415 nm violet light with an orange barrier filter.  
The results indicated that semen stains can be observed on Formica up to 1:100 dilution.  
The rest of the surfaces tested did not show any visible fluorescence beyond 1:10 dilution. 
 
1.5.1 Fluorescent Brighteners 
Fluorescent brighteners are a common component found in washing powders, 
fabric conditioners, soaps, textiles, and toothpastes. Fabrics washed repeatedly in 
common detergents will accumulate a detectable amount of fluorescent brightener over 
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time. [16]  In the presence of UV light, the fluorescent brightener will undergo two 
processes, photo-degradation and photo-isomerism.  Photo-degradation is the 
transformation of a molecule into lower molecular weight fragments by the impact of the 
photon.  [17]  Photo-degradation will cause the fluorescent brightener to lose its 
fluorescence.  Photo-isomerism, a type of photo-degradation, is a process that produces 
cis and trans isomers.  The cis isomer will not produce any fluorescence.  The trans 
isomer will maintain a visible fluorescence for a few seconds after illumination and it will 
gradually decay and disappear.  The ALS does not produce photo-degradation due to the 
use of longer wavelengths/lower energy light.  The fluorescence produced from the 
fluorescent brightener should be considered when using a non-UV light source for the 
detection. [16]  
 
1.5.2 Washing Effects 
Kobus et al. [1] conducted a study on the effect of washing on the fluorescence 
intensity of the semen stain.  The results suggested that the fluorescence of older semen 
stains might be stronger after washing compared to fresher stains that have been washed.  
A plausible explanation for this occurrence is that the aging processing makes the 
fluorescent component in semen more resistant to removal.  The same fabric was also 
tested using the AP reagent.  After washing the fabric, the weakly fluorescent semen 
stains yielded negative AP results.  Another study on the effect of washing conducted by 
Vandenberg [2] reported an opposite finding.  After a gentle cold water machine washing 
without detergent, the seminal stain on white polyester produced a negative result with 
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Polilight. This suggests that the semen fluorescence may be completely removed by 
simple washing. 
 
1.6 Alternate Light Photography 
 A crime scene technician uses forensic photography techniques to process a vast 
amount of evidentiary materials such as fingerprints, tool marks, bite marks, blood spatter 
patterns, or shoeprint impressions.  The close-up photographs must be examination 
quality in order to be used for the purposes of identification.  Much like crime scene 
photography, ALS photography is dependent on physical control, light, and depth of field.  
In a situation where the camera must be held at a difficult angle, a tripod is highly 
suggested to maintain the physical control.  Light is often a limitation in a crime scene.  
When too much light is introduced, the photographs will bleach out resulting in the 
creation of hot spots.  When light is too scarce, the photographs will lose clarity and 
detail.  Crime scene photographs often use an integral flash device within the digital 
camera to maintain consistent lighting.  ALS photography, which captures the 
fluorescence emitted by the object, uses an ALS as an active light source.  The depth of 
field is another concern of ALS photography.  The depth of field is a zone of acceptable 
sharpness on the photograph that appears in focus.  Depth of field is controlled by 
aperture or the light gathering power of the camera.  A large aperture will produce a 
smaller f-stop (the ratio of focal length to effective aperture diameter) and small depth of 
field.  A small aperture will produce a larger f-stop and large depth of field.  The lens can 
focus on any region of the image by altering the f-stop.  Color barrier filters are attached 
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to the lens of the camera, and work in a similar way to colored glasses.  In an 
examination quality photo, it is highly desirable to have the entire image sharp; hence, 
selecting the optimal f-stop is crucial in producing a good alternate light photograph.   
The distance between the light source and the object is another consideration.  A 
study conducted by Lincoln et al. [18] reports the visibility of fluorescence on all surfaces 
including human skin increased as the distance of the light source from the target surface 
decreases.  The angle of the light source in relation to the surface did not have an effect 
on the visibility. 
 
1.7 Fluorescence in Seminal Fluid 
 The use of a UV light source to visualize a semen stain is a well-established 
technique.  However, very little research has been done on the components in seminal 
fluid that cause the fluorescence.  The components of semen that are generally used in 
forensic testing include seminal acid phosphatase, spermatozoa, and prostate specific 
antigens. [7] 
 Flavins are a group of blue-light absorbing proteins and their fluorescence 
property was discovered in 1959.  The initial study conducted on flavin utilized semen 
from a bull. [19]  Flavins are small water soluble molecules that emit fluorescence 
between 460 to 530 nm. [20,21] According to White et al., a greenish fluorescence is 
emitted when the sample was exposed to UV light.  The resulting fluorescence is 
associated with seminal plasma rather than the spermatozoa.  Riboflavin is the 
phosphorylated form of flavin.  Kodentsova et al. [22] reports that the concentration of 
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riboflavin in male seminal plasma is 3 to 50 times higher than in blood plasma and its 
concentration is directly affected by the consumption of vitamin B2.   
In recent years, the photo-induced reduction of flavin has been studied. Under an 
aerobic environment, flavin remained stable.  In the presence of electron donors, flavin 
will gradually convert to its fully reduced form. This light inducing reduction reaction is 
responsible for many biological effects such as the mutagenesis. [20,23]  Whether flavin 
is the sole contributor of the fluorescence in seminal fluid remains unknown. 
 The purpose of this research is to conduct an investigation on the effect of 
substrate color, donor, ALS wavelength/barrier filter combination, and texture on the 
detectability of seminal stains.  The goal is to further define and categorize the most 
effective wavelength and filter combinations for the detection of seminal stains on 
various colors of fabrics. 
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2. MATERIALS AND METHODS 
2.1 Seminal Fluid Sample 
Seminal fluid samples from three different donors were tested for this study.  The 
samples were designated as donor 1, 2 and 3.  Donor 1 was an anonymous donor whose 
ethnicity and age were unknown.  The submission date of the sample for donor 1 was 
approximately seven weeks prior to the beginning of the experiment.  The samples from 
donor 2 and 3 were purchased (BioreclamationIVT, Baltimore MD).  Donor 2 was a 33 
year old Hispanic male and donor 3 was a 26 year old Caucasian male.  The samples 
were obtained in a manner consistent with approved IRB protocols.  The purchased 
samples were stored at approximately -20°C or lower prior to shipment.  Repeated 
freezing and thawing cycles were kept at a minimum by making several small aliquots of 
each sample.  Serial dilutions of seminal fluids were created using distilled water (dH2O).  
The ratios investigated were 1:1 (neat), 1:2, 1:5, 1:10, and 1:20. These values are 
designated as 1, 0.5, 0.2, 0.1, and 0.05, respectively, on the graphs in section 3.   
 
2.2 Cotton Fabric for the Color Investigation 
 Six different colors of 100% cotton fabrics were cut into 4 by 4 square inch 
swatches.  The colors investigated were white, red, yellow, blue, green, and black.  The 
fabrics were washed with detergent and dried using an automatic clothes dryer prior to 
the beginning of the experiment.  Using a pipette, 50 microliters of seminal fluid sample 
from each donor was transferred onto each color of cotton swatches.  Approximately two 
minutes after each transfer, a water insoluble China marker was used to place four black 
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dots around the edge of the stain (top, bottom, left, and right). The black dots were used 
as visual indicators of the stain’s location and allowed the analyst to locate the stain when 
no fluorescence was observed.  For the negative controls, 50 microliters of dH2O was 
pipetted onto each color of the cotton swatches.  A total of 96 swatches were prepared 
(30 swatches from each seminal fluid sample and 6 negative control swatches).  The 
fabrics were placed on the benchtop and allowed to air dry overnight at room temperature. 
 
2.2.1 Black Fabrics for the Textural Investigation 
 Five different black fabrics of varying texture and thickness were selected to 
investigate the effect of composition on the detectability of fluorescence.  The black 
cotton fabric from the color investigation was also tested as the control.  The fabrics were 
spotted using the same procedure described above. Due to the variation in thickness and 
in order to prevent over saturation, the amount of the sample pipetted was reduced from 
50 microliters to 25 microliters.  Only donor 1 was selected for this part of the study.  A 
total of 30 swatches were prepared (25 swatches from the five different black fabrics and 
5 from the control black cotton fabric). 
 
2.3 Alternate Light Source 
 The alternate light source (ALS) used in this study was the HandScope® Xenon 
Forensic Light Source (SPEX Forensics, Edison, NJ).  The light source has 13 
wavelength settings including white light.  For this study, three wavelengths were 
investigated: 415 nm with a yellow barrier filter, 450 nm with an orange barrier filter, and 
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515 nm with a red barrier filter. The ALS was mounted on a ring stand and projected 
from the upper left-hand side at approximately a 60 degree angle onto a non-reflective 
stage where the fabrics were placed.  A digital camera was mounted on a quadrapod and 
directly above the fabrics.  
 
2.4 Digital Camera and Excitation Filter 
 The camera used for this experiment was a Canon Powershot Pro1 Digital Camera.  
The camera was set to aperture-priority setting and macro mode for the photography.  For 
specific camera operation, one can consult the camera user guide released by Canon.  
Multiple photographs of unstained fabrics were taken prior to the beginning of the 
experiment.  Using these practice photographs, different f-stop values were selected for 
the different colors of fabric and incident light wavelength/filter combinations (Tables 1-
3).   
 Fluorescence cannot be observed when the intensity of the incident light is greater 
than the converted light.  Three shades of color filters were attached to the lens of the 
camera in accordance to the wavelength of the alternate light source to block out the 
incident light.  Yellow, orange, and red filters were used with 415nm, 450nm, and 515nm 
incident light, respectively.  Photographs were taken and saved as JPEG files, then later 
converted to TIFF files to prevent further loss of pixels.   
 
 
 
17 
  
Table 1.  The camera settings utilized for 415 nm with yellow filter 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.  The camera settings utilized for 450 nm with orange filter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Color F-stop Exposure 
compensation 
ISO setting 
White 8 -1 400 
Red 8 -1 400 
Yellow 8 -1 400 
Blue 2.8 0 400 
Green 4.5 0 400 
Black 4.5 0 400 
Color F-stop Exposure 
compensation 
ISO setting 
White 5.6 0 400 
Red 5.6 0 400 
Yellow 6.3 0 400 
Blue 5 0 400 
Green 2.8 0 400 
Black 2.8 0 400 
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Table 3.  The camera settings utilized for 515 nm with red filter 
 
 
 
 
 
 
 
 
 
2.5 Photograph Analysis Program ImageJ 
 ImageJ (v1.48) is a public domain, image processing program that was released 
by the National Institutes of Health.  ImageJ can display, edit, and analyze 8, 16, and 32- 
bit images.   ImageJ was used to measure the intensity of fluorescence as recorded in 
each photograph.  Using the analyze function, ImageJ can assign a numerical value for 
each level of brightness.  This value is named gray value.  The minimum gray value is 
zero, which represents the lowest degree of brightness.  As the brightness increases, the 
gray value goes up.  For a 32-bit image, the gray value ranges from 0 to 4, 294, 967, 296 
(2
32
) gray levels.  Each pixel within the image contains a gray value.  When an area is 
selected for measurement, the gray values of all the pixels within the selected area are 
combined and then divided by the number of pixels within the area.  The calculated value 
is named mean gray value.  The intensity of the fluorescence is measured by calculating 
Color F-stop Exposure 
compensation 
ISO setting 
White 5.6 0 400 
Red 5.6 0 400 
Yellow 2.4 0 400 
Blue 5.6 0 400 
Green 2.4 0 400 
Black 2.8 0 400 
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the difference between the stain and background mean gray values.  A detailed user guide 
that covers the basic concept and tutorial can be found at its official website, 
http://imagej.nih.gov/ij/index.html.   
 
2.5.1 Measuring the Fluorescence Using ImageJ 
 For each photograph, a circular outline was drawn around the stain using the oval 
shape selection tool (Figure 5). 
 
 Figure 5.  A display of the ImageJ program.  A circular area was created on a 
 photo using the oval shape selection tool. 
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A measurement was taken for the selected area (Analyze>Measure).  A table of 
results which shows the area (area of selection in square pixels), mean gray value, 
minimum gray value and maximum gray value will be displayed (Figure 6).  The 
displayed values were copied onto a Microsoft Excel spread sheet. 
 
Figure 6.  Using ImageJ’s analyze function.  A result table that contains several 
measurements (area, mean, minimum gray value and maximum gray) displayed 
after using the analyze function. 
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The mean gray value of the background was measured by drawing a circular/oval 
outline that surrounded the four black dots.  A band of a specific width in pixels can be 
created by using the “Make Band” function (Edit>Selection>Make Band).  The band 
width was set to 50 pixels (Figure 7). 
 
 
Figure 7.  Creating a band for the background measurement.  A band 
that surrounds the four black dots was created by using the “Make Band” 
function. 
 
 After the band was created, another measurement that represents the mean gray 
value of the background was taken (Analyze>Measure). The displayed values were 
copied onto the previous Microsoft Excel spread sheet.  The difference between the mean 
gray values was then calculated.  The calculated value represents the intensity of the 
fluorescence above background.  
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2.5.2 Investigating the Effect of Color Channel on the Fluorescence Measurement 
By utilizing the color channel split function of ImageJ, the color images were split 
into three 8-bit grayscale images containing the red, green and blue components of the 
original photographs.  For the color channel study, the intensity of fluorescence of each 
color channel was measured individually and compared against one another using the 
same method as above (Image>Color>Split Channels).  The difference in fluorescence 
between the stain and background was calculated for these additional images for stains 
from donor 1. 
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3. RESULTS AND DISCUSSION 
3.1 Effect of Substrate Color 
 Fluorescence was not readily visible in all the photographs taken.  Each cell in 
Table 4 represents the fluorescence intensity, a calculation derived from taking the mean 
gray value difference between the stain and the background.  The blue cells represent the 
photographs that contained the visible stains when the photographs were examined by the 
analyst.  This study concurred with Santucci’s findings in that only the white fabrics 
showed robust results on all three excitation spectrums. [11] The yellow fabrics tested in 
this experiment showed consistent positive results up to a 1 to 10 dilution.  The 
fluorescence on the red fabrics and other darker color fabrics (blue, green and black), was 
visible only up to a 1 to 5 dilution.  A probable explanation for this phenomenon is that 
the darker materials will absorb light (converted and/or reflected light) more readily than 
the lighter color and inhibit the intensity of the fluorescence.  Vandenberg et al. [2] 
reported that the color of the materials affects the strength of the stain’s visibility.   Three 
types of fabrics tested, pink nylon, red cotton, and pink cotton polka dot, all inhibited the 
visibility of seminal stains, while stains on the same materials of a different color were 
easier to detect.   
 
  
  
  
2
4
 
Table 4. Each cell within the table represents the fluorescence intensity as measured by ImageJ.  The colored cells (blue) 
represent the stains that are distinguishable by eye on the photographs taken. A) 415 nm with yellow filter.  B) 450 nm with 
orange filter.  C) 515 nm with red filter. 
(A) 415 nm with yellow filter 
 
(B) 450 nm with orange filter 
Donor 1 1 0.5 0.2 0.1 0.05 Donor 1 1 0.5 0.2 0.1 0.05 
White 22.30 18.12 16.36 10.11 7.09 White 36.51 27.80 19.59 15.58 7.66 
Red 10.83 7.95 4.46 4.27 3.94 Red 16.85 15.53 14.19 11.97 11.82 
Yellow 27.92 24.94 20.10 14.07 11.51 Yellow 24.55 21.66 19.64 10.76 10.38 
Blue 9.22 6.24 4.54 4.28 2.87 Blue 13.75 9.82 9.22 8.32 6.55 
Green 11.56 9.13 6.02 4.25 3.48 Green 13.15 10.80 10.25 8.22 7.07 
Black 9.54 8.19 7.50 6.73 4.87 Black 17.16 15.43 14.87 13.24 12.39 
  Donor 2 1 0.5 0.2 0.1 0.05 Donor 2 1 0.5 0.2 0.1 0.05 
White 22.78 17.02 14.84 8.32 7.03 White 41.84 25.60 21.59 13.21 8.12 
Red 12.25 9.28 7.29 5.67 4.55 Red 24.80 21.17 17.90 12.79 12.34 
Yellow 27.95 22.82 18.64 12.46 8.19 Yellow 35.87 29.45 21.27 17.89 13.85 
Blue 9.38 8.68 4.50 4.01 3.08 Blue 23.52 17.69 13.05 9.85 5.86 
Green 11.56 9.25 6.55 5.92 3.07 Green 15.37 11.43 10.03 9.39 8.88 
Black 7.80 6.12 6.92 5.41 4.98 Black 25.25 15.66 11.83 9.75 7.26 
  Donor 3 1 0.5 0.2 0.1 0.05 Donor 3 1 0.5 0.2 0.1 0.05 
White 24.07 17.07 14.47 11.42 6.30 White 31.74 25.54 19.75 15.34 8.14 
Red 20.65 14.31 8.86 5.33 2.39 Red 21.81 20.06 18.20 15.35 8.22 
Yellow 28.62 23.71 18.78 11.55 7.30 Yellow 38.68 30.57 27.45 24.96 17.37 
Blue 11.71 11.24 10.88 5.40 3.64 Blue 22.68 11.67 10.73 8.67 4.84 
Green 13.08 12.10 6.75 5.15 4.36 Green 20.04 13.31 12.02 9.22 7.77 
Black 13.45 7.16 6.83 5.11 2.81 Black 22.53 18.26 15.66 13.24 11.34 
  
  
2
5
 
(C) 515 nm with red filter 
Donor 1 1 0.5 0.2 0.1 0.05 
White 43.51 41.46 38.50 31.99 19.25 
Red 20.42 16.62 11.08 6.87 4.41 
Yellow 27.31 26.62 24.29 16.88 11.88 
Blue 21.23 14.83 7.66 5.96 3.10 
Green 33.78 24.16 19.92 18.96 12.70 
Black 22.26 15.21 14.28 9.21 8.20 
 Donor 2 1 0.5 0.2 0.1 0.05 
White 60.19 38.09 32.58 24.00 22.03 
Red 24.52 19.34 15.62 12.54 8.74 
Yellow 34.77 32.46 27.16 20.87 14.84 
Blue 20.55 16.97 9.93 7.06 5.01 
Green 38.04 32.73 24.64 23.37 19.11 
Black 23.11 21.78 15.38 8.91 6.53 
 Donor 3 1 0.5 0.2 0.1 0.05 
White 54.30 46.91 37.98 35.49 26.96 
Red 23.21 18.99 11.63 10.54 7.07 
Yellow 30.03 28.01 26.51 19.27 14.74 
Blue 23.63 16.69 12.47 9.01 5.41 
Green 36.83 28.95 22.78 19.48 15.86 
Black 28.37 22.32 19.20 16.28 10.54 
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3.2 ImageJ Analysis 
 The calculations derived from ImageJ’s measurements showed a trend in terms of 
the fluorescence decrement when measuring the dilution factors of the sample.  As the 
dilution factor increased, the mean gray value difference decreased accordingly.  
However, the measurements did not coincide with the visual observations.  On Table 4A, 
a 0.1 dilution (1:10) stain with a mean gray value difference of 4.28 deposited on blue 
fabric was visually observed on the photograph.   The same dilution, with a mean gray 
value difference of 14.07, on yellow fabric was not visible on the photograph.  For the 
white fabric, the semen stains were readily visible as long as the mean gray value 
difference was above 8.  For the yellow fabric, the stain was observed visually when the 
mean gray value difference was above 19.  As for the darker color fabrics (red, green, 
blue and black), no correlation was observed between the mean gray value difference and 
the visual observation.  Table 2 summarizes the maximum dilution factor at which the 
semen stains were visible on the photographs taken.  The stains on the darker fabrics 
were generally not visible beyond the 1 to 5 dilution.  The exceptions were the blue and 
green fabrics, in which the semen stains were visible at the 1 to 10 dilution under 415 nm 
with a yellow barrier filter and 515 nm with a red barrier filter, respectively. 
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Table 5.  The maximum dilution factors at which the stains are visible on the 
photographs taken. These data were obtained from using information on all three 
donors. 
 
415 nm with 
yellow filter 
450 nm with 
orange filter 
515 nm with 
red filter 
White 1:10 1:20 1:10 
Red 1:5 1:2 1:2 
Yellow 1:10 1:10 1:10 
Blue 1:10 1:2 1:2 
Green Neat 1:2 1:10 
Black 1:2 1:5 1:5 
 
3.2.1 Variation in Stain Area 
 The lack of correlation between the ImageJ’s measurement and visual observation 
is highly possibly due to the variation in the stained area.  It should be noted that the 
surface area of the stain increases as the stain becomes more dilute and less viscous due 
to the increased dH2O volume.  The area illuminated by the ALS (toward the center of 
the fabric) stays constant.  As the stained area increases, it gradually moves toward the 
edge of the fabrics, which is less illuminated.  The mean gray value difference (intensity 
of the fluorescence) is calculated by taking the difference between the measurements of 
the stain and the background.  The background is a band that encircles the stain.  As the 
stained area increases, the background now lies in the less illuminated area; hence the 
mean gray value of the background decreases as it became darker (Figure 8). 
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Figure 8. Stained area vs. illuminated area. The size of the stained area increases as the 
dilution factor goes up.  The center of the fabrics is highly illuminated by ALS.  The area 
toward the edge is less illuminated.  (A) Neat stain (B) Diluted stain. 
 
3.3 Effect of Contributor 
  Some inconsistencies among the three donors were observed.  The fluorescence 
of donor 3’s sample on the black fabrics under the 450 nm excitation spectrum was 
visible up to a 1 to 10 dilution, however, both donor 1’s and donor 2’s samples did not 
show any visibility beyond the neat stain.  The fluorescence measurements from the three 
donors were plotted against one another on Figures 9, 10, and 11.   The three donors are 
shown together on a single graph, and each graph represents a fabric color tested.  The 
dilution factors were labeled on the x-axis and the mean gray value differences 
(fluorescence intensity) were labeled on the y-axis.  For comparison purposes, the 
maximum y-axis was fixed at 45.  A trendline was fitted on each graph with the slope and 
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R squared value shown.  The R squared values for all six graphs were all over 90%, with 
the lowest being 91% (the total variation in the data with respect to the average).  The 
slope represents the detectability of the seminal stain as the concentration is reduced.  
The data in Table 6 shows that white fabrics have the strongest fluorescence intensity 
among the six colors tested. 
 By comparing the slopes of the trendlines, the detectability of fluorescence for 
each fabric color was evaluated.  For the 450 nm excitation spectrum with orange barrier 
filter, white fabrics showed the highest detectability and green fabrics showed the least 
detectability.  This study had a relatively small sample size (a total of three donors), and 
the variations among the three donors in terms of fluorescence measured were all under 
one standard deviation from the average.  In conclusion, no apparent difference was 
observed among the three donors tested. 
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Figure 9. Brightness measured among the three donors from difference color of 
fabrics under 415 nm with a yellow filter.  Y-axis fixed at 30. 
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Figure 10. Brightness measured among the three donors from difference color of 
fabrics under 450 nm with an orange filter.  Y-axis fixed at 45. 
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Figure 11. Brightness measured among the three donors from difference color of 
fabrics under 515 nm with an orange filter.   
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Table 6.  The slopes and R square value obtained from the trendlines.  The data 
are obtained from Figure 9, 10 and 11. 
 
415 nm / yellow filter 450 nm / orange filter 515 nm / red filter 
Slope R square Slope R square Slope R square 
White -3.9939 0.9850 -6.9049 0.9848 -7.1505 0.9872 
Red -2.7334 0.9528 -2.6275 0.9931 -4.0281 0.9843 
Yellow -4.9448 0.9939 -4.7692 0.9962 -4.3801 0.9477 
Blue -1.7973 0.9940 -3.2574 0.9316 -4.3412 0.9656 
Green -2.1913 0.9660 -1.9470 0.9154 -4.8656 0.9571 
Black -1.3501 0.9140 -2.7004 0.9425 -4.0611 0.9949 
 
 
3.4 Effect of Texture 
 Five different black fabrics with varying textures were selected to measure the 
effect of texture on the detectability of fluorescence.  The designations of these fabrics 
were given randomly.  Fabric D was 100% polyester; the compositions of fabrics A, B, C, 
and E were unknown. Fabric A was cut from a pair of black trousers and was ribbed and 
fibrous.  Fabric B was fleecy, fabric C was soft and stretchy, fabric D was diaphanous 
and flimsy, and fabric E was brushed, thick and soft.  During the sample pipetting step, 
instant absorption was observed on fabrics B and C.  The semen sample pipetted on 
fabrics A, D and E took longer than four minutes to be absorbed.  Vandenberg et al. [2] 
conducted research on the effect of substrate absorbency and found that the seminal 
stains on highly absorbent blue velour and dark green polar fleece were easily detectable 
with Polilight.  Kobus et al. [1] reported that semen stains that remained on the surface of 
highly absorbent fabrics showed strong fluorescence, but fluorescence was greatly 
diminished when semen absorbed into the fabric.   
 The mean gray value difference obtained from ImageJ did not correlate with the 
visual observation.  The mean gray value difference of fabric A and E were 
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approximately two times larger than the other fabrics at each dilution factor.  The mean 
gray value difference of fabrics B, C, and D were very similar to the cotton fabrics tested.  
The results obtained generally concurred with the results on the effect of substrate color.  
With the exception of fabric E under 415 nm with yellow barrier filter, the semen stains 
on these black fabrics were not visible beyond 1 to 5 dilution.  On fabric C, semen only 
fluoresced when it was undiluted.  This suggests that texture or composition may have an 
effect on the detectability of fluorescence, however, further testing is necessary to 
increase the statistical significance.  Table 7 shows the mean gray value difference 
calculated from the five black fabrics and the 100% cotton control fabrics.  The colored 
cells (blue) represent the stains that are distinguishable by eye.   
  
Table 7.  Intensity measurement of the five black fabrics of varying textures.  Each 
cell within the table represents the fluorescence intensity as measured by ImageJ of the 
five black fabrics of varying textures.  The colored cells (blue) represent the stains that 
are distinguishable by eye on the photographs taken. 
 
(A) 
415 nm with yellow filter 
Donor 1 1 0.5 0.2 0.1 0.05 
Control 37.75 18.15 10.18 6.28 5.69 
Fabric A 141.20 128.31 117.85 101.53 65.33 
Fabric B 25.57 11.66 9.79 4.27 3.20 
Fabric C 49.36 36.71 13.20 7.50 4.78 
Fabric D 44.76 23.41 11.23 8.22 6.44 
Fabric E 171.63 157.52 138.16 41.41 37.63 
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 (B) 
450 nm with orange filter 
Donor 1 1 0.5 0.2 0.1 0.05 
Control 22.70 14.99 13.84 12.01 4.55 
Fabric A 98.28 92.34 60.29 50.04 29.25 
Fabric B 15.92 13.48 10.47 6.55 5.59 
Fabric C 13.09 10.51 8.06 6.27 4.17 
Fabric D 56.68 45.40 38.33 28.46 13.74 
Fabric E 70.87 58.97 51.83 37.54 10.53 
 
(C) 
515 nm with red filter 
Donor 1 1 0.5 0.2 0.1 0.05 
Control 23.60 19.53 16.44 13.59 10.54 
Fabric A 21.33 13.72 9.24 7.41 6.21 
Fabric B 8.07 5.92 5.05 2.14 1.22 
Fabric C 8.93 6.15 5.11 1.02 0.19 
Fabric D 8.09 6.15 5.09 3.49 2.60 
Fabric E 13.60 10.12 6.38 1.94 1.43 
 
3.5 Effect of Excitation Spectrum 
 Three excitation spectrums combined with different colors of barrier filters were 
tested to evaluate the effect of wavelength on the detectability of fluorescence.  Previous 
studies on the effect of the excitation spectrum mostly compared the differences between 
UV light and other ALS.   
 Figure 12 shows the trendlines of each color tested under the three excitation 
spectrums.  The trendlines represent the overall difference between stain intensity and the 
background for each fabric color and each wavelength filter combination.  The trendlines 
show a general correlation with performance of a fabric color and wavelength filter 
combination but individual samples from the three donors show variation around this 
trend.  The slopes of white, yellow, green, and black fabrics correlate with the visual 
 42 
   
observation.  The visibility of the stains on the red fabrics does not show any difference 
under the three wavelength spectra tested.  The stains on the blue fabrics were best 
visualized under 415 nm with yellow barrier filter, however, the fluorescence intensity 
measurements show the opposite result.  With the exception of blue fabrics, this data can 
assist a crime scene technician in choosing the wavelength of the excitation spectrum 
based on the color of the evidentiary material.  For instance, if a yellow fabric is to be 
tested for seminal stain, one should utilize an ALS of 415 nm with a yellow barrier filter.   
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Figure 12. Comparing the slopes of the trendlines of the six colors tested under three different wavelength combinations.  
The trendlines were fitted by calculating the averages of the three donors tested. 
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3.6 Effect of Color Channel Split 
 Each individual has different perceptions toward color.  Depending on the 
substrate, a certain range of color can be difficult to distinguish.  The photographs were 
split into red, green and blue channels by using ImageJ to investigate the effect of color 
channel on the visibility of semen stains.  Multiple difficulties were encountered when 
attempting to analyze the mean gray value difference on color channel split photos.  
Figures 13-18 show the original RGB photograph (prior to the color channel split) and 
the three color channel splits of the seminal stains from donor 1 on white fabric taken 
under 450 nm light with an orange filter.  Both the white and yellow fabrics already 
showed promising results when examined using ALS.  The color channel split did not 
reveal additional contrast than the original RGB photographs.  In addition, the blue 
channel showed complete darkness.  Figure 14 shows the RGB photograph and the three 
color channel splits of the seminal stains from donor 1 on red fabric taken under 450 nm 
light with an orange filter.  The green channel provides a higher contrast than the RGB 
photograph for the neat stain.  The blue channel changed the neat stain into a darker color 
and the diluted stains were weakly fluorescent.  The red channel behaved very similarly 
to the RGB photographs and no additional contrast was observed.  The brighter area in 
the center of the photograph of the diluted stain (0.2 and above) is simply the illumination 
from the ALS. Figure 15 shows the comparison photographs of the yellow fabrics.  The 
yellow fabrics behaved very similarly to the white fabrics after the color channel split.  
The red and green channel did not provide additional contrast and the blue showed 
complete darkness.  Figure 16 shows the photographs of the blue fabrics.  The red 
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channel showed reduced contrast due to the increased brightness in the background.  The 
contrast of the neat stain on the green channel is visually higher than the original RGB 
photograph.  The blue channel showed reduced resolution and no additional contrast was 
observed.  Figure 17 shows the photographs of the green fabrics.  Both red and green 
channel did not produce additional contrast.  The blue channel showed reduced contrast 
as observed in the neat stain.  Figure 18 shows the photographs of the black fabrics.  The 
fluorescences of the semen stains were not readily visible on the original RGB 
photographs and all three color channels did not provide additional contrast. 
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Figure 13. Original RGB photograph and the three color channel splits of the seminal stains from donor 1 on white 
fabric taken under 450 nm with an orange filter.  Both red and green channels did not reveal additional contrast at each 
dilution factor than the original RGB photograph.  The blue channel showed complete darkness.  
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Figure 14. Original RGB photograph and the three color channel splits of the seminal stains from donor 1 on red fabric 
taken under 450 nm with an orange filter.  The contrast of the neat stain on the green channel is visually higher than the 
original RGB photograph.  The red and blue channels did not show any additional contrast. The fluorescence of semen stains 
were not visible beyond 0.2 dilution factor (1 to 50); the brighter areas in the center are simply the illumination from ALS. 
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Figure 15. Original RGB photograph and the three color channel splits of the seminal stains from donor 1 on yellow 
fabric taken under 450 nm with an orange filter.  The red and green channels did not show additional contrast.  The blue 
channel showed complete darkness. 
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Figure 16. Original RGB photograph and the three color channel splits of the seminal stains from donor 1 on blue 
fabric taken under 450 nm with an orange filter.  The red channel showed reduced contrast due to the increased brightness 
of the background.  The contrast of the neat stain on the green channel is visually higher than the original RGB photograph.  
The blue channel showed reduced resolution and no additional contrast was observed; the brighter areas in the center are 
simply the illumination from ALS. 
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Figure 17. Original RGB photograph and the three color channel splits of the seminal stains from donor 1 on green 
fabric taken under 450 nm with an orange filter.  The red and green channels did not produce additional contrast.  The blue 
channel showed reduced contrast as observed in the neat stain. 
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Figure 18. Original RGB photograph and the three color channel splits of the seminal stains from donor 1 on black 
fabric taken under 450 nm with an orange filter.  Except for the neat stain, the fluorescence was not readily visible on the 
original RGB photographs.  None of the three color channels provided additional contrast. 
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3.6.1 Reduced Contrast 
 Certain wavelength and color channel combinations produced highly exposed 
photographs.  Due to the extreme brightness, the contrast between the stain and the 
background was reduced significantly (Figure 15). 
 
 
Figure 19. Contrast reduced after the color channel split.  Original RGB photograph 
of the black fabric with neat seminal fluid stain taken under 415 nm with red filter. (Left)  
The blue channel of the same photograph. (Right)  The contrast observed on the blue 
channel photograph is significantly lower than the original photograph. 
 
 
3.6.2 Reversed Fluorescence Effect 
 Certain wavelength and color channel combinations produced a reversed 
fluorescence effect.  After the color channel split, the stain became darker than the 
background.  A negative mean gray value difference was obtained when attempting to 
measure the brightness intensity using ImageJ (Figure 16). 
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Figure 20. Reverse fluorescence effect after the color channel split.  Original RGB 
photograph of the blue fabric with neat seminal fluid spotted taken under 450 nm with 
orange filter. (Left)  The blue channel of the same photograph. (Right)  The stain became 
darker than the background on the blue channel photograph. 
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3.6.3 Improved Results with Color Channel Split 
 Splitting the color channel enhanced the visibility of the diluted semen stains on 
two occasions.  The 0.05 dilution (1:20) semen stain on the white cotton fabric under 515 
nm excitation spectrum with red barrier filter was not apparent.  The red color channel of 
the same photographs slightly enhanced the visibility (Figure 17). 
 
Figure 21. Improved results with color channel split on white fabric.  Original RGB 
photograph of the white fabric with 0.05 dilution seminal fluid spotted taken under 515 
nm with red filter. (Left)  The red channel of the same photograph. (Right)  The red 
channel enhanced the visibility of the stain. 
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 The 0.2 dilution (1:5) semen stain was not detected on the red fabric under 515 
nm excitation spectrum with red barrier filter.  After the color channel split, an oval-
shaped stain was observed on the green channel (Figure 18). 
 
 
Figure 22. Improved results with color channel split on red fabric.  Original RGB 
photograph of the red fabric with 0.2 dilution seminal fluid spotted taken under 515 nm 
with red filter. (Left)  The green channel of the same photograph. (Right)  The green 
channel slightly enhanced the visibility of the stain as a brighter area was observed in the 
center of the photograph. 
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5. CONCLUSIONS 
This research shows that the color of the substrate has an effect on the 
detectability of the semen stains using ALS.  When examining evidentiary items, one 
should consider the background color in selecting the appropriate light wavelength.  In 
addition, the visibility of the semen stains drops severely beyond a 1 to 10 dilution factor.  
The white fabric was the only color that exhibited a faint fluorescence at a 1 to 20 
dilution factor when observed with a 450 nm light wavelength with an orange barrier 
filter.  This suggests that crime scene technicians may need to take an alternate approach, 
such as a chemical mapping examination that relies on the high sensitivity of AP reagent, 
when locating a highly diluted semen stain on a dark background. 
The color channel study with ImageJ encountered a few limitations such as 
reduced contrast and reversed fluorescence in some stains.  However, the results obtained 
from this study could be very useful when combined with a multi-wavelength imaging 
tool that is capable of viewing the stains on evidentiary items in real time. These systems, 
such as one developed by Leeds Precision Instrument, Inc. (Leeds Precision Instruments, 
Inc., Minneapolis, MN), include software that can adjust the white balance, exposure, 
lens and light intensity to enhance the fluorescence observed.  The results obtained from 
the color channel study suggest that adjusting these settings may increase the contrast 
between the stain and the background.   
No significant variation in the semen stain fluorescence was observed from the 
three donors tested in this study.  Future research in this area should examine semen from 
more donors in order to increase the statistical relevance and should measure riboflavin 
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concentration to determine whether it or other components in semen contribute to the 
fluorescence.  
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